Proton mass decomposition
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Mass decomposition

Phys. Rev. Lett. 74, 1071 (1995)
I X)L F—E&HET>YVIL(EMT in Euclidean space)
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Mass decomposition

EMT%traceless part& trace partic 73 f#
T,uz/ — _,ul/ =+ T,uz/

THERIZLITO®ED (Peskin 18.5 p.630, p.642)
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Mass decomposition

traceless part — quark part &gluon partic 73 f#
T,LW — T[(il/ + Tgl/
THIERIZLLTDED (Peskin 18.5, p.642)

<P‘TI{V’P> — <x>f]w(,u) (P,LLPV — 35MVM2) 7(f — Q7g)

Momentum fraction (Peskin 17.3-17.5) : (x) ¢ (1)
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Mass decomposition

trace partlcDWT
NL—X77/~XY— (Peskin 19.5)
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Mass decomposition
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set up

2+1 Domain Wall (sea quarks)

Symbol L’XT a(fm) m® my Ny
241 24°x64 0.1105(3) 120 330 203
321 323x64 0.0828(3) 110 300 309

32ID  32°x64 0.1431(7) 894 171 200
481  483x96 0.1141(2) 949 139 81 myL > 3.8

Overlap (valence quarks)

m. € (250,400)MeV 5 quark masses on the 24| and 32|
m, € (140,400)MeV 6 quark masses on the 32ID and 48|

HYP smearing (5 steps)

% Gradient flow F&{&

XMS bar (2GeV) TDHER



Result

7 F+ — 7 E%@%_ﬁ_ <Hm> Phys. Rev. D 94, 054503 (2016)
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Result
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(Hm) /M =(45.9+40.2)/938=0.09(2)

QCD 7/ X YU—0&5EESNICRES  (Hy) /M =0.23(1)



Result

Longitudinal momentum fraction

O [ @yTex(d, 19)01) 3 xei s (X, 0)10)

R(tst) =
! O [ d@yTx (@, 17) ¥zec s (%, 0)0)

X: standard proton interpolation field
Xs: gaussian smearing field

['“:unpolarized projection operator

traceless diagonal part

o = Tr[T(NI3 T IN)]
a9 = T MTHTCNINY]

_ — 13 1 _ 1
Ml = [ EF0sGuDi- 3 Y v B, T = [ dx3s? - 5o,
. i=1,2,3

off-diagonal part

Te[T*(PIT{?|P)]

P;Tr[T¢(P|P)]

q 31 o g 3
T, = d x%”(x)zyml)i}l/’(x), T, = | & x&Ej(x)Bi(x).
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Result

Longitudinal momentum fraction
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Result

operator mixing analysis U 7cf& 3R

arXiv: 1612.02855
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S. Dulat et al, Phys. Rev. D 93 (2016), 033006
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Result

Longitudinal momentum fraction
> A= —A>VDIXRILF—

JA—TJDIXRILF—DFE
3 3

(Hg) = ;1-<:v>qM - Z(Hm> — (He) /M= 0.31(5)
TI—A>DIRILE—DHE
3
(Hy) = —{z);M — (Hg) /M = 0.37(5)



Result
Hamiltonian® % 1 7RIDOF 5

_Quark mass quark energy
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Result
R DS

I A4—7 DHFSIE
<HE> + <Hm>
TI—AVDEEEF
(Hyy + <{Ha
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Summary

Lattice QCD T DB =kRZ EE DR FEbRE.

THEFEEGREYERATOELZV)O T TEHRUL
FEIELULTO@ED
(Hg) /M = 0.37(5) (Ha) /M =0.23(1)

(Hey /M =0.31(b)

XEWT & =7 DHR=Z ANTUNRL
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back up



~{1.0202 0.0123N;
= 0.1565 2.08(25) — 0.0239N;

+0(g"),
the off-diagonal part of g

Result

i ~—=MS
° Te
G

[ 1.0175 —0.0060N
=\ 0.1528 1.84(18) — 0.0239N;
+0(g%),

the traceless diagonal part
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